Abstract-The aim of the research presented in this paper is to study an effective algorithm for the admission control and handoff management of mobile user connections in a realistic urban scenario with a two-tier (micro-and macrocell) cellular coverage. The algorithm behavior is strongly related to the knowledge of the mobility profile of the users. Thus, an analysis of analogous algorithms exploiting mobility estimation and available in literature precedes our design activity. Their advantages and drawbacks have been observed and are used as a starting point for the design of our algorithm. It overcomes the weaknesses that the previous algorithms show when operating in a realistic urban scenario. As a consequence, it reduces the call-blocking probability and minimizes the handoff rate.
I. INTRODUCTION
A BASIC design feature of the next-generation cellular systems will surely be the exploitation of an overlapping coverage composed of a picocell tier for indoor environments, a microcell tier for densely populated urban outdoor areas, a macrocell tier serving low-traffic suburban areas, and satellite coverage providing the user with worldwide accessability [1] - [3] . From the literature [4] , it clearly emerges that the focus of the multitier system-design activity has to be on three main topics.
1) Detection of hotspot areas in an operational network and the consequent determination of both the best cell-area size and the position of the low-level base stations within the higher layer cells; 2) Resource allocation and management: how many channels must be allocated to a given coverage layer? Is it possible to use the same frequencies in every layer? 3) Call admission and handover control: is it advantageous to transfer a terminal call from one layer to another? Which policy allows the best grade of service (GoS)? A. Molinaro is with Dipartimento di Elettronica, Informatica e Sistemistica (DEIS), University of Calabria, Cosenza, Italy (e-mail: molinaro@deis.unical.it).
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Digital Object Identifier 10.1109/TVT. 2003.810978 In this paper, we will focus only on the topic highlighted in item 3, by giving an overview of recent contributions and proposing an improvement to the methodologies employed to perform the user-mobility classification.
Our studies refer to a two-tier coverage cellular system consisting of overlapping micro and macro cells in a realistic urban context. This solution allows the network to tolerate a higher traffic load. Nevertheless, it is actually effective only when the network algorithms are carefully designed to make the two layers operate complementarily. To this purpose, the intra-and interlayer handover mechanism plays a leading role. Through the handover mechanism it is, in fact, possible to transfer a call from cell to cell. This process is necessary during roaming to keep the user connected to the network and to optimize the channel-resource usage.
It appears immediately clear how important the knowledge of the user-mobility profile is in such a context. In fact, it would ease the system task of optimizing the resource management while minimizing the control-traffic load. Following a first rough analysis the users can, in fact, be classified into two categories: pedestrian (slow) and vehicle (fast). The former can then be assigned to the lowest layer (microcells) and the latter to the macrocells, thereby avoiding too-frequent handovers. Logically, each proposed admission and handover-control algorithm has to keep other important parameters under control: the system capacity, new call-blocking probability, and handover call-dropping probability.
Most studies [5] - [9] in the literature base their analysis on the main assumption that user-mobility classification can be performed by estimating the user dwell time in a cell. The system estimates the time a mobile terminal sojourns within a microcell. If it is lower than a fixed threshold, then the user is classified as fast and, usually, the call is switched to the upper layer; otherwise, it remains in the lower layer. In this paper, we will call them classic algorithms. What, in our opinion, seems to be an excessively optimistic hypothesis in the cited works is the assumption of constant user speed during the call. This assumption is too simplistic in areas characterized by high traffic fluctuation. For example, urban areas are characterized by the presence of traffic lights, crossroads, pedestrian crossing points, etc., which inevitably cause oscillations in the speed of the user engaging a call.
A different assumption is considered in two research works [5] , [10] . In both, the authors remove the classic, unrealistic assumption of a constant user speed during a call.
As a result of the analysis of these proposals, the idle-bonus algorithm in [10] , according to the authors' main objective, is very effective in maintaining the per call handover rate at a low value, while the algorithm proposed in [5] , called the Y&N algorithm in the following, is the best choice in terms of system capacity and call-blocking/dropping probability.
In the present paper, we begin with the strengths and weaknesses of both approaches, operating in a realistic urban scenario. A next step is the development of an algorithm whose objective is the achievement of a performance comparable with Y&N (in terms of blocking probability) and idle-bonus (in terms of handoff rate) algorithms. It uses an approach similar o the Y&N scheme and confirms its strong points, but exploits a different quantity for the user classification.
As will be detailed in the remainder of the paper, the basic feature consists of avoiding basing the user-speed classification on the computation of the dwell time through the average-user mobility, but in exploiting the knowledge of the experienced peak velocity of the user within a cell. It will be shown how, during the speed-classification process, this permits the actual high variability of the user-speed profile to be taken into consideration.
The resulting algorithm gives good results in terms of all the parameters involved in the GoS definition and allows the simultaneous achievement of two objectives: extending the system capacity and minimizing the signaling costs.
The paper is organized as follows. Section II provides a brief overview of the reference scenario for our study (i.e., a realistic urban scenario characterized by two overlapped coverage layers) and Section III describes the algorithms whose behaviors on which we concentrate. Two very promising algorithms taken from the literature are presented and their virtues and limitations are highlighted through the implementation of proper performance-assessment campaigns. In Section IV, the performance of the novel algorithm proposed as an enhancement of previous admission control algorithms is assessed, while conclusions and future works are summarized in Section V.
II. THE REALISTIC SYSTEM SCENARIO UNDER STUDY
Realistic urban environments covered by multitier cellular systems are our reference scenarios. Specifically, we focus on street segments characterized by the presence of crossing points and traffic lights. Vehicular and pedestrian users travel along the street and set up and release voice connections. Vehicular users have high-mobility profiles; that is, their speed rapidly changes around a declared intentional speed, which depends on the type of vehicle and driver style. Pedestrian users are assumed quasistatic and standing along the street margins. The number of vehicular and pedestrian users, street length, number of crossroads and traffic lights, and distances between traffic lights are parameters that characterize the simulated scenarios that can be selected at the start of each simulation.
As for the coverage layers, microcells are overlapped by macrocells. The radio bandwidth is partitioned into two disjointed sets of frequencies that are orthogonally distributed between the layers according to a fixed channel-allocation policy.
The system working behavior is simulated by means of a set of software tools that accept the input parameters of the coverage radii and positions of the cells, as well as the length of street segments, the number and position of traffic lights, and the red-light period.
The system simulator models the micro-and macrocell radio coverage and the algorithm functionality. The traffic simulator generates vehicle mobility profiles in a realistic traffic jam situation. The input parameters refer to the mobility pattern of each vehicle along the street; that is, intentional vehicle speed (i.e., the velocity it tries to reach if the traffic conditions allow it to do so), maximum acceleration, deceleration, braking time, etc. Furthermore, it is possible to decide the traffic conditions, inputting the average value of vehicular arrival (vehicles/s). Data used in the simulator refer to typical values for vehicles actually available on the market. By accounting for these parameters and for stopping at traffic lights, braking-distance control, and cars queuing and overtaking, the traffic simulator accurately reproduces the actual vehicle motion through the street.
The simulated scenario consists of a 3-km two-lane road with six crossroads and six traffic lights where pedestrians and vehicles are both present. Vehicles can move in only one direction, overtake other cars, and, in any case, respect safety rules.
Three traffic-load conditions are simulated: light, medium, and heavy traffic, whose relevant vehicular arrival rates are 0.3, 0.5, and 0.7 vehicles/s, respectively. Also, very light (0.2 vehicles/s) and extra light (0.1 vehicles/s) traffic con- ditions are simulated to better underline the effects of the user classification. Network resources are distributed among 10 microcells with 12 channels each and 1 macrocell with 8 channels; no overflow channels are used. The offered teletraffic and other simulation parameters and related distributions are included in Table I .
III. RESOURCE-ALLOCATION ALGORITHMS AND THEIR BEHAVIOR IN THE REFERENCE SCENARIO

A. Idle-Bonus Algorithm
This algorithm, first proposed in [10] and further analyzed in [14] , introduces two new features: the bonus concept in the user-speed classification mechanism and the idea of transferring the classification task from the network to the mobile. Since the classification is up to the mobile, according to this scheme, it is performed both during a call progress and while the terminal is in its idle mode.
To help the reader to understand the difference between the idle-bonus algorithm and other resource-allocation schemes presented in the following, we will briefly recall how the idle-bonus works. When the terminal is switched on, it enters the idle mode, chooses the most suitable cell depending on the best received signal, and at the same time activates a timer. The base station informs the mobile terminal about the dwell time spent in the current microcell. When the terminal has completely crossed the microcell, it recognizes itself as slow or fast by taking the cell-border crossing time into account. If the user sojourn time is shorter than a threshold, then the user is assigned bonus time to be added to the dwell-time threshold. This can be spent during the crossing of a certain number of subsequent microcells. Thus, the time bonus has the purpose of delaying the classification of a fast terminal into slow, in order to give it the chance to compensate for a temporary slowdown. The value of the time bonus is a typical feature of each cell. It could be fixed in advance during the system-planning phase or dynamically adjusted by the network.
When a call occurs, the terminal enters the connect mode and communicates its estimated slow/fast status to the network, which, thereafter, is able to assign it to the right hierarchical layer. During the call, the terminal keeps on classifying itself and, when a variation in the mobility profile occurs, it changes its status and asks the network for resources at the right coverage layer. The number of cells in which the user is allowed to spend its bonus can be selected depending on geographic parameters as well as vehicular conditions. Extensive simulations have shown that two microcells is a good choice, trading off the two specified exigencies. A block diagram of the idle-bonus algorithms is presented in Fig. 1 . This algorithm has been designed as a new strategy to minimize the handover rate per call. Thus, its main drawback is that the optimization of other interesting system parameters (such as resource utilization) is not the focus of the work conducted by the designers. To have an idea of the behavior of the above-mentioned algorithm, we briefly report some results of a simulation campaign we performed.
To minimize the handover rate, a heavy usage of the upper layer of the cellular system is necessary, as a large part of the teletraffic will be carried on the macrocells to avoid frequent micro-micro handovers. As shown in Fig. 2 , for all simulated traffic conditions and for any network load level (light, medium, and heavy vehicular-traffic load), more than 50% of the total teletraffic handled by the idle-bonus algorithm exploits the macrocell resources.
As expected, this behavior favors the reduction of the handoffs per call to a very low number, which was the objective of the authors' work (Fig. 3) . In [14] , we observed that the average number of handoffs per call per user shown by the so-called classic approaches was in the range of 4 to 5 in any of the considered traffic-load conditions (light, medium, and average). This means that idle bonus allows a handoff rate reduction of approximately 50%. More details on the comparison results can be found in [14] . The higher the traffic load, the lower the macrocell occupation and the higher the handover rate per call. This is easily understood. In light traffic, the street conditions are almost ideal. This means that slowdowns are less probable and vehicles and calls are more or less uniformly distributed along the street. Instead, in heavy traffic, queues at traffic lights lengthen and the vehicles are compelled to slow down more frequently. Thus, in some situations, even the use of the bonus could fail to correctly estimate the used speed, due to the prolongation of the slowdown and stop duration.
Let the new call blocking probability requirement for the whole system be . Under the same conditions, as shown in Fig. 4 , the effects on the system capacity and on the blocking/dropping probability are the following: by fixing as a GoS requirement, the system is able to carry Erlang (depending on the vehicular-traffic load) of the teletraffic load. For the same reason described above, the higher the traffic load, the higher the blocking and dropping probabilities.
B. Y&N Algorithm
Also, this very interesting algorithm [5] proposes that the mobile terminals themselves estimate user mobility by collecting the past microcell sojourn times. The authors consider that the mean speed of a user (and, thus, the sojourn time in a microcell) is "slowly varying" and that the layer selection is made by exponentially averaging the sequence of the sojourn times and then comparing the result with a threshold.
A random sequence with slowly varying mean may be well estimated by using the exponential-smoothing technique [15] . Thus, in our simulations, we use the exponential-averaging approach with a smoothing coefficient that means accounting for the last five cell-sojourn times.
Also, Y&N removes the classic assumption of constant user speed and lets the mobile tracking have its own mobility, even during its idle state. This algorithm connects vehicular traffic and teletraffic by deriving a direct relationship between the offered cellular-traffic load and velocity-threshold value. The optimal value of the velocity threshold is determined by assuming that the velocity distribution in the system is known (Fig. 5) and by fixing the offered load at the macrocell layer, at a value that allows it to keep the call-blocking probability at an acceptable level. Actually, could vary within a range of values. When the traffic load is light, it is possible to provide a better quality of service by reducing so that more mobiles are assigned to macrocells and undergo fewer handoff failures and interruptions. When the traffic load increases, the value of is increased so that more mobiles are assigned to microcells and a higher total traffic can be carried. This dynamic adjustment of the threshold is performed by the network. The relationship between teletraffic load and threshold velocity value, derived by [5] , is reported as for for for
(1) where the variable is the current teletraffic load and is the macrocell load for the simulated network configuration, computed by using the B-Erlang formula in order to meet the GoS requirement in terms of blocking probability. Its value is 3.6271 Erlang.
We believe that the assumption of a slowly varying mean microcell sojourn time used by Y&N for the user classification is not acceptable in the reference environment for our study (an urban context). Therefore, the Y&N algorithm has been tested in a more realistic scenario, through simulation campaigns, in which the mean user microcell sojourn time does not vary slowly, as assumed by the authors. We observed that its behavior is very stable under different vehicular-traffic loads. Moreover, it still shows elevated performance in terms of blocking/dropping probability and system capacity ( Erlang). The results concerning the blocking and dropping probability are shown in Fig. 6 . As expected, in a more realistic scenario, the extensive system capacity is paid in terms of an increase in the handover rate, as shown in Fig. 7 . In Table II , the behavior of four randomly chosen vehicles (with an intentional velocity greater than the threshold value) is tracked during the crossing of the last four cells. Their identifying number, intentional velocity, last sojourn time, estimated mean microcell sojourn time, and algorithm-classification outputs are reported. The example considers light vehicular traffic and a teletraffic of 30 Erlang. The corresponding threshold velocity is 20 m/s.
It is clear from observation of the figures in the fifth column that a quantity whose value doubles or halves in one step should not be considered "slowly varying." The release of the conditions of slowly varying average user speed, which follows the implementation of Y&N into a realistic urban scenario, affects the algorithm performance.
The actual macrocell usage is different from what is expected. The objective of the Y&N algorithm was the assignment of a fixed load (3.6271 Erlang for a network configuration with eight channels in the macrocell) to the macrocell and the distribution of the remaining load to the microcells. Actually, the macrocell usage does not meet these expectations, as clearly shown in Fig. 8 . This is the result of an erroneous user-speed classification. It is evident that the macrocell layer is underutilized. Should the macrocellular load be actually equal to 3.6271 Erlang, the expected behavior when the number of calls per second per user increases would be characterized by a decreasing percentage of traffic in the macrocell layer with a minimum value of this percentage equal to 5%, for an offered traffic load equal to the maximum system capacity (estimated value Erlang). This does not happen, as shown in Fig. 8 .
IV. A NEW APPROACH: USING THE PEAK VELOCITY FOR USER-MOBILITY CLASSIFICATION
We have seen that the Y&N method for user-mobility classification, although very effective in ideal conditions, does not work as in the intentions of the authors in an actual urban scenario. Nevertheless, it presents excellent performance in terms of system capacity and blocking/dropping probabilities, mainly thanks to its rigorous approach. On the other hand, the idle-bonus algorithm is successful in keeping the handoff rate per call very low. Thus, in our analysis, we tried to find a way of trading off the handoff rate per call and the system GoS by exploiting the virtues of both approaches. The first point that clearly emerged from our analysis is that the microcell sojourn time in an urban context is not a suitable quantity to be smoothed through an exponential averaging because it does not have a slowly varying mean. Thus, a different, more reliable quantity to be used jointly with an exponential approach had to be found.
A straightforward idea is to implement an algorithm that does not use, as does the Y&N algorithm, the sequence of real measured microcell sojourn times for the user-mobility classification. Differently, it considers the sequence of virtual sojourn times computed by assuming that the user crossed the whole last microcell at the peak velocity it was able to reach (even for a short time interval) in that microcell. Due to the use of the concept of maximum velocity, the algorithm will be called the Max_vel algorithm.
The average value of this quantity should not present aberrations or excessive deviations from the mean value because, in the simulated as well as in the real system, vehicles have the innate inclination to approach their own maximum velocity. If traffic conditions do not allow users to reach their "intentional velocity" for 2-3 consecutive microcells, when using the assumption of uniform vehicular traffic distribution, it is rather improbable that they will be able to reach it in successive cells.
The maximum experienced velocity is defined within the range (0, intentional_vel), where intentional_vel is the intentional velocity of the user; for light traffic conditions, its value approaches the upper limit. For heavy traffic the range is reduced to (0, traffic_vel), where traffic_vel represents the maximum velocity imposed by the traffic conditions to all the cars in the system.
In Table III , the observations on four randomly chosen vehicles (with an intentional velocity larger than the threshold value) performed for the Y&N algorithm are repeated when Max_vel is exploited, for the same traffic and teletraffic parameters.
As we can see, we do not have large oscillations in the estimated values anymore; in some cases, estimated and measured values match. Moreover, cars with an intentional velocity slightly greater than the threshold are classified as fast, whereas cars with an intentional velocity slightly smaller than the threshold are considered to be slow. Future studies could be conducted to investigate the relationship between traffic_vel and traffic conditions and between traffic_vel and threshold velocity, so that it would be possible to find a more precise relationship between user mobility and teletraffic load.
The handoff and new-call management scheme used by the Max_vel algorithm is the same as the idle-bonus algorithm illustrated in Fig. 1 . The difference is in the way in which users are classified as fast or slow. Specifically, the estimated mean sojourn time, used as illustrated in Fig. 9 , is exponentially averaged according to the following formula: estim mean sojourn time last sojourn time estim last sojourn time (2) where last_sojourn_time is the time the vehicle sojourned in the last microcell computed as it had crossed it traveling at its maximum velocity; that is, the ratio between the crossed space and the maximum velocity reached by the terminal in that microcell), estim_last_sojourn_time is the last estimate of the sojourn time, and the constant is used to perform exponential averaging, the value used in our simulations is , which allows taking into account the crossing of the last five microcells. Instead, the Y&N algorithm for the last_sojourn_time uses the actual time spent by the user in the last microcell.
In summary, we maintain the original idea of the idle-bonus algorithm, that if a terminal is classified as fast at least once in a call, this means that it has the natural inclination to gain the fast status again as soon as the traffic conditions allow it to do so. While idle-bonus took into account this assumption by giving the user a bonus to be spent in two successive microcells, let us say in a "discrete" way, Max_vel does the same in a "continuous" way by using exponential averaging based on the peak velocity. Furthermore, in this way, Max_vel monitors the user velocity during the entire microcell crossing rather than only at the cell-border crossing, as idle-bonus does. Y&N, on the other hand, by using the exponential averaging based on the mean cell-sojourn time, classify as fast only the users able to cross each microcell in a time shorter than the threshold time, which is almost inconceivable in an urban context.
The pseudocode for the Max_vel algorithm is reported in Table IV. In Fig. 10 , the macrocell usage is shown versus the offered traffic load (call rate per user). As expected, Max_vel loads the macrocell layer more than Y&N for any vehicular traffic conditions. (In Fig. 10 , only the curves at heavy and medium vehicular traffic loads are shown.) This is due to the different approach of the two algorithms. In fact,Y&N, by averaging the mean velocity of the traveling users, tends to consider as fast only a user who is fast "on average"; this means that it is not enough for a user to instantaneously reach a velocity higher than the threshold to be classified as fast, but it is necessary that its "average" speed remains higher than the threshold. On the contrary, Max_vel classifies most of the users, which have intentional velocity higher than the threshold, as fast users because it considers the maximum velocity reached by a user crossing a cell in the computation of formula (2). Fig. 10 . Macrocell usage for Max_vel, idle-bonus, and Y&N algorithms (medium and heavy traffic).
In Fig. 11 , we can observe the behavior of the algorithms with respect to the handover rate per call, for a variable vehicular traffic load .We can see that the Max_vel algorithm performs 1 to 2 handovers less than the Y&N algorithm. The difference between the two algorithms is even more evident when the vehicular traffic load is lighter (less than 0.3 vehicles/s); in fact, in these situations, vehicles more easily reach their intentional velocity because the traffic jam is low. So the system is stressed by fast users, the situation in which Y&N seems to be less effective in successfully classifying the users. In fact, Y&N is more reluctant than Max_vel in classifying users as fast; for this reason, most users remain in the microcells and perform more handovers. Fig. 11(b) shows the number of handoffs per call when the vehicular traffic is extra light (0.1 vehicles/s). In this case, the gap between the two algorithms is more than two handovers per call at low load and decreases at higher loads due to the fact that the microcells become congested and traffic is switched over the macrocell, thus reducing the number of handoffs. Idle-bonus is always the one guaranteeing the lowest number of handoffs per call.
In Figs. 12(a) and 13(a), it is shown that the performances of Max_vel in terms of other parameters are the same as those achieved by the Y&N algorithm, while idle-bonus shows the worst behavior, as expected. These curves have been computed when the vehicular traffic is heavy and medium, so most vehicles are prevented from reaching their intentional speed.
In Figs. 12(b) and 13(b), blocking and dropping probabilities are shown when the vehicular traffic is lighter (0.1 vehicles/s); in this case, the differences between the two algorithms are negligible. Furthermore Max_vel outperforms Y&N at high traffic load. Once again, this is the consequence of the way of classifying user speeds used by the two algorithms. In fact, Y&N tends to saturate the microcell layer, hardly classifying users as fast, while Max_vel distributes users between macro-and microcell layers. Therefore, when the vehicular traffic is lighter (so vehicles are enabled to more easily reach their intentional velocity) and the teletraffic load is higher, the GoS performance of Y&N degrades, mostly due to the unavailability of microcell channels.
Finally, we show results on the teletraffic (in Erlang) that is successfully conveyed by the overall system. Fig. 14 illustrates the throughput, referred to the vehicular users only, which is offered by Y&N and Max_vel in different vehicular load conditions (ranging from heavy to extra light vehicular traffic). The lighter the vehicular traffic (more vehicular users are enabled to reach their intentional velocity), the higher the difference between the two algorithms' throughput at high teletraffic load.
In the authors' opinion, a very interesting point to highlight is that the curve in Fig. 11 for Max_vel, when also plotted for small values of the teletraffic load (Fig. 15) , looks very similar to the relationship determined by the Y&N algorithm [from (1) ] between threshold velocity and offered load (Fig. 16) .
The curve in Fig. 15 comes from simulation results, while the curve in Fig. 16 is an analytical relationship determined for the particular distribution of the intentional velocity in the system shown in Fig. 5 and implemented in the simulator. We can put into relation the values of these two quantities for the same offered load (varying from 6 to 80 Erlang). We can appreciate a quasilinear relation between them. An analytical expression, which well approximates this curve, is (3) Both measured and analytical curves are shown in Fig. 17 . An extremely interesting result is that by using the last expression, it seems, thus, possible to roughly determine the expected number of handover per call without the use of any simulation tools. The same behavior is noted for any different conditions of vehicular traffic and teletraffic load. We show the results found for medium and heavy traffic in Figs. 18 and 19 .
A. Effects of the Variation in the Threshold Velocity
All the results shown refer to a target-blocking probability Bo set by the system as illustrated in Section III-B. We performed the same set of simulations when significantly increasing the target-blocking probability to a value Bo . When changing Bo, obviously the threshold velocity changes as specified in formula (1) . Specifically, the term , which is the macrocell load computed by using the B-Erlang formula in order to meet the GoS requirement in terms of blocking probability, increases, thus causing a reduction in the threshold velocity used for classifying vehicular users. In Fig. 20 , we report the analytical relationships between threshold velocity and offered traffic load obtained for the two values of Bo. A significant change in the blocking rate does not correspond to a so-significant change in the threshold velocity, especially at high load.
We performed the same set of simulations in this case and realized that the decrease in the threshold velocity is not sufficient for Y&N to successfully classify vehicular users. As illustrated in Fig. 21 , in fact, for Y&N, the number of handoffs per call remains almost unchanged (except for a slight decrease at low load) when teletraffic increases, while it significantly decreases for Max_vel. This is because Max_vel is sensitive to the decrease in the threshold velocity while Y&N is not and continues to classify most users in the system as slow, thus directing them to the microcells. For Max_vel, the decrease in the threshold velocity causes more users to be directed to the macrocell. This can be seen in Fig. 22 , showing the load on the macrocell layer for both algorithms.
All other performance parameters (throughput and blocking and dropping probabilities) remain almost unchanged for both algorithms. This, once again, testifies to the effectiveness of Max_vel in achieving the objectives of decreasing the handoff rate while maintaining the overall GoS.
Finally, it is interesting to note that even when changing the target Bo, the relationship between the threshold velocity and the number of handovers per call (which we have already found at Bo and illustrated in Figs. 18 and 19 ) can still be approximated as linear, as shown in Fig. 23 . 
B. Practical Implementation of the Max_vel Algorithm
Before giving the conclusions of our research, it is necessary to answer the following question: is it possible to implement an algorithm that needs to know the peak velocity reached by the user in a given cell to classify it?
Both the Y&N and idle-bonus algorithms adopt only a timer in the terminal to measure the sojourn time in each cell. It is easy to restart the timer every time the user crosses a microcell. For the Max_vel algorithm, instead, we need to know the peak velocity reached by the user in each cell. Actually, having the possibility to know the user velocity with a good sample step, without adding any further special function, the terminal would be able to compare the samples and determine the maximum one in each cell. So the problem turns out to be: is it possible to know the user's instantaneous velocity? In literature, there is a very interesting work [16] , which gives the answer to our question. In Rayleigh-faded channels, the Doppler frequency is proportional to the mobile speed [17] : , where is the wavelength of the radio frequency. Thus, from the Doppler frequency, it is easy to derive the instantaneous velocity. If a two-branch selection diversity is implemented under Rayleigh-fading conditions, the branch having the stronger received signal will be selected. Thus, the authors first determine, through the autocorrelation of Rayleigh fading described by the Bessel's function of zeroth-order , a relation between expected diversity branch switching rate and Doppler frequency . Then, they simulate a Rayleigh-fading channel to evaluate the performance of this velocity-measurement method. Their experimental results prove that this method is feasible. Moreover, it improves the size and price of mobile terminals and requires no special equipment for the system other than that for selection diversity.
V. CONCLUSION
In this paper, we designed an effective algorithm for the admission and handoff control of mobile user connections in a realistic urban scenario with multitier cellular coverage. It exploits the knowledge of the instantaneous peak velocity of a user in the cells to overcome the weaknesses shown by other algorithms in the literature when operating in a realistic urban scenario. Experimental results proved that the proposed method is effective to guarantee the achievement of good performance in terms of handoff rate, blocking, and handoff-dropping probability. The positive behavior has been assessed under different vehicular traffic and teletraffic loads. 
